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Abstract

Nitric oxide (NO") is a multifunctional messenger molecule generated by a family of enzymes, the nitric oxide synthases, and is
overproduced in osteoarthritis and rheumatoid arthritis. Chondrocytes are the major native source of NO* in diarthrodial joints.
Chondrocytic inducible nitric oxide synthase induced by inflammatory cytokines and bacterial cell wall fragments mediates many of the
catabolic events in arthritis. Agents which specifically inhibit chondrocyte inducible NO* synthase, may thus have a role in the
management in arthritis. We evaluated a novel class of potential inducible NO - synthase inhibitors, the S-substituted isothioureas, for
their ability to inhibit inducible NO" synthase activity in cultured bovine chondrocytes and explants of cartilage from patients with

osteoarthritis. Two isothioureas, S-methyl isothiourea and S-(aminoethy
L-arginine monoacetate, 5—10 times more potent than aminoguanidin

1) isothiourea were 2—4 times more potent than N S_monomethyl-
p y

e and over 300 times more potent than N“-nitro-L-arginine and

N ®-nitro-L-arginine methyl ester. The rank order of potency of the NO " synthase inhibitors was S-(aminoethyl) isothiourea > S-methyl
isothiourea > N G-monomethyl—rrarginine > aminoguanidine > N “-nitro-L-arginine = N “-nitro-L-areinine methyl ester. The order of po-

&

tency was reversed (N “-nitro-L-arginine methyl ester = N “-nitro-L-arginine > N G—monomethyl—L—arginine = S-methyl isothiourea > §-
(aminoethyl) isothiourea > aminoguanidine) when evaluating the same compounds ability to inhibit constitutive NO * synthase activity in
bovine endothelial cells. In comparison to conventional arginine-based analogs, the isothioureas represent a more potent and relatively
specific class of inhibitors of inducible NO synthase in cartilage and thus may be beneficial in the management of arthritis.

Keywords: Cartilage; Chondrocyte; Nitric oxide NO) synthase, inducible: Free radical; Arthritis

1. Introduction

Nitric oxide (NO) is formed from L-arginine by a
family of enzymes, the NO synthases, which oxidize one
of the guanidino nitrogen atoms in L-arginine to form
L-citrulline and NO". Three isoforms of nitric oxide syn-
thase (NO" synthase) have been cloned and sequenced.
Endothelial cell NO* synthase and brain NO* synthase are
constitutively active. The inducible isoform of NO" syn-
thase is found in a variety of cells including macrophages
(Hevel et al., 1991; Hibbs et al., 1988), neutrophils, lym-
phocytes (Salvemini et al., 1990), hepatocytes (Chartrain et
al., 1994) and chondrocytes (Stadler et al., 1991). The
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inducible NO " synthase is absent in these cells under basal
conditions, but can be induced by bacterial cell wall
products (e.g. endotoxin and staphylococcal factor), and by
inflammatory mediators, such as interleukin-18 and tumor
necrosis factor-a. Once induced, inducible NO synthase
produces large amounts of NO* for prolonged periods,
which plays an important role in host defense (Nathan and
Hibbs, 1991). When overproduced, however, NO* may
contribute to pathophysiological processes, including sep-
tic shock (Szabo, 1995), inflammatory diseases of the gut
wall (Miller et al., 1993), and diarthrodial joints (Farrell et
al., 1992).

In arthritis, the pro-inflammatory cytokines interleukin-
1B and tumor necrosis factor-a, modulate the biochemical
pathways that are characteristic of cartilage destruction:
activation of the prostaglandin pathway via cyclooxy-
genase (Salvemini et al., 1993) decreased synthesis of
major components of the cartilage matrix, the proteogly-
cans (Taskiran et al., 1994) and type II collagen (Goldring
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et al., 1988), and increased activity of the metal-dependent
enzymes that degrade this matrix (collagenase, gelatinase
and stromelysin). Data from our (Manfield et al., 1996;
Murrell et al., 1995a,b), and other laboratories (Hickery et
al., 1994; Taskiran et al., 1994), suggest that these path-
ways are connected by inducible NO™ synthase and that
L-arginine-NO " pathway mediates many of the catabolic
effects of the inflammatory cytokines in cartilage. This
pathway, therefore, offers a particularly attractive target
for the pharmacological inhibition of cartilage degradation
in osteoarthritis and other inflammatory-mediated destruc-
tive arthropathies. As NO' is such an important and
ubiquitous messenger molecule, and as chondrocytes are
the major native source of NO' in inflamed diarthrodial
joints (Murrell et al., 1995a; Rediske et al., 1994) NO~
synthase inhibitors need to be specific for chondrocyte
inducible NO~ synthase. The aim of this investigation,
therefore, was to evaluate the ability of a novel class of
NO" synthase inhibitors, the S-substituted isothioureas
(Garvey et al., 1994; Nakane et al., 1995; Southan et al.,
1995; Szabo et al., 1994), to inhibit chondrocyte inducible
NO " synthase activity.

2. Materials and methods
2.1. Materials

NS-Monomethyl-L-arginine monoacetate{MeArg) was
from Calbiochem, San Diego, CA, USA. Human recombi-
nant tumor necrosis factor-a was from R&D Systems,
Minneapolis, MN, USA. S-(2-aminoethyl) isothiouronium
bromide hydrobromide (AETU), S-methyl isothiourea sul-
phate (SMT) and N“-nitro-L-arginine (NO, Arg) were from
Aldrich Chemical, Milwaukee, WI, USA. All other bio-
chemicals including lipopolysaccharide, aminoguanidine
bicarbonate salt, N“-nitro-L-arginine methyl ester (NO,-
ArgME) and L-arginine were purchased from Sigma
Chemical, St. Louis, MO, USA. Cell culture reagents were
from Gibco Laboratories, New York, NY, USA.

2.2. Chondrocyte isolation

Slices of occipital cartilage from freshly slaughtered
cows were digested to obtain chondrocytes and cultured
under conditions which support the maintenance of the
chondrocyte phenotype (Green, 1971). Briefly, the bovine
tissue was vigorously washed with 10% antibiotic-anti-
mycotic in normal saline. The tissue was diced in an
appliance blender and incubated in 0.025% (w /v) collage-
nase, 1% (v /v) antibiotic-antimycotic, 2% (v /v) Hepes at
37°C for 24 h under gentle agitation. The cells were
recovered, washed with 10% antibiotic-antimycotic in Dul-
becco’s modified Eagle medium (DMEM) for 20 min and,
centrifuged at 2000 X g. The pellet was suspended and
plated with DMEM + 10% fetal calf serum (FCS) in 75 ml

culture flasks at 2 X 10° cells /flask. Confluent chondro-
cyte flasks were plated in 96-well culture plates at a
density of 10° cells/well in 200 pl DMEM + 10% FCS
and allowed to adhere overnight. The following day, the
medium was replaced with serum-free DMEM and cells
were incubated for 24 h under varying experimental condi-
tions (final well volume = 250 w1).

2.3. Cartilage explant assays

Slices of occipital cartilage from freshly slaughtered
cows were washed with 10% antibiotic-antimycotic in
normal saline. Under sterile conditions, the cartilage was
fashioned into 4 mm diameter discs approximately 2 mm
in thickness using a 4 mm biopsy punch.

Human cartilage was obtained from patients with os-
teoarthritis undergoing total knee replacements. Under ster-
ile conditions, cuts of bone and cartilage taken from the
tibial plateau and femoral condyles during the total knee
replacement were cleared of bone, and the cartilage fash-
ioned into 4 mm diameter plugs with a biopsy punch. All
tissue explants were then subjected to the same experimen-
tal procedure as the bovine chondrocytes.

2.4. Nitrite determination

Nitrite, the stable end-product of NO was measured via
the colorimetric Greiss reaction from conditioned media,
and the absorbance read on a 340 ATTC spectrophotom-
eter (Tecan US, Research Triangle Park, NC, USA) at
550/650 nm. Nitrite concentrations were calculated by
comparison with the absorbance of standard solutions of
sodium nitrite prepared in DMEM.

Table 1
Isothiourea inhibition of nitric oxide synthase is reversed by exogenous
L-arginine

Inhibitor Nitrite (% of control)
L-Arginine
0.4 (mM) 1.8 (mM)
AETU -3 4+04 7+0
-5 58+1 7740.5
-7 100+2 109+0.8
MeArg -3 8+04 62404
-5 8141 1144+0.5
-7 89+3 104404

Cultured bovine chondrocytes were stimulated by 10 wg/ml lipopoly-
saccharide in the presence of varying concentrations of the NO ™ synthase
inhibitors, S-(2-aminoethyl)isothiourea (AETU) and the reference com-
pound N ¢-monomethyl-L-arginine monoacetate (MeArg). Inhibition of
nitrite formation was reversed by the addition of exogenous L-arginine,
the substrate for NO ™ synthase. Expressed as mean percentages + S.E.M.
of stimulated control; mean nitrite accumulation for control groups in 0.4
mM L-arginine = 39 nmol nitrite /10° cells /24 h, for 1.8 mM v-arginine
=66 and 70 nmol nitrite /10° cells/24 h for AETU and MeArg,
respectively, n = 6 for each group.






